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(57) ABSTRACT 
An electrical contact includes a holloW tube having ?rst and 
second end portions and a center portion; and a spring 
portion formed in a Wall of the holloW tube. The spring 
portion may be located in the center portion of said holloW 
tube or in one of the ?rst and second end portions of the 
holloW tube. The spring portion may be a helical spring 
portion and may include tWo helical portions Wound in 
opposite directions. At least one of the ?rst and second end 
portions may have a diameter that is less than a diameter of 
said center portion. At least one of the ?rst and second end 
portions may have a hemispherical shape or closed end. The 
holloW tube may be of a metal such as stainless steel or may 
be a holloW tube coated With an electrically conductive 
material such as one of copper, silver, or gold. The contact 
may have a shoulder having a diameter Which is greater than 
the diameter of at least one of the ?rst and second end 
portions and said center portion of the tube and may be 
disposed betWeen one of the ?rst and second end portions 
and the center portion of the tube or in one of the ?rst and 
second end portions or the center portion of the tube. 
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ONE-PIECE SEMI-RIGID ELECTRICAL CONTACT 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to electrical contacts 
and more particularly to a one-piece semi-rigid electrical 
contact With an integral compression spring for use in 
solderless high-speed electrical connectors, that is, electrical 
connectors capable of operating in the frequency range of 
from less than 1 GHZ to 20 GHZ. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, an electrical connector for use 
With printed circuit boards, for eXample, contained a plu 
rality of solder pins for soldering to the printed circuit board. 
While this is still used in many applications, in the case of 
connectors for use in high-speed applications, particularly 
When it is desirable to have a connector With very close pin 
spacing to reduce its siZe, it has been found that soldering 
such a connector to a printed circuit board becomes very 
costly in that it is impossible to visually locate a short or 
ground betWeen the connector and the printed circuit board. 
An expensive X-ray technique must often be used to inspect 
the connections since the solder pins are hidden under the 
connector. Furthermore, the increasing number of pins 
needed in such connectors make the soldering of such 
connectors to printed circuit boards more dif?cult, thereby 
reducing the production yield and accordingly increasing 
production costs. 

[0005] Still furthermore, there are presently signi?cant 
uses for compact electrical connectors, capable of operating 
in the frequency range of from less than 1 GHZ to 20 GHZ, 
and having large numbers of coaXial or tWinaXial intercon 
nections. Conventional electrical connectors are just not 
suitable for such applications. 

[0006] In vieW of the problems noted above, attempts have 
been made to utiliZe solderless electrical connectors having 
some form of resilient contacts used to connect the electrical 
connector to the printed circuit board. For example, US. Pat. 
No. 6,386,890 to Bhatt et al. discloses a printed circuit board 
to module mounting and interconnecting structure and 
method. As illustrated in FIG. 3 thereof, a resilient conduc 
tor 52 to is used to connect a contact 34 to a contact 40. The 
conductor 52, as noted in column 5 thereof, may be a “fuZZy 
button” connector similar to those produced by Cinch Inc. 
Alternatively, the conductor 52 may be a plated elastomeric 
member, a precious metal plated Wire or a stamped metal 
contact With precious metal plating. As further noted therein, 
it is preferable that the precious metal Wire used for the 
conductor 52 have a random orientation to provide multiple 
contact points on the contacts 40 and 34, thereby increasing 
the reliability of the overall electrical connection by provid 
ing multiple hertZian contacts. 

[0007] Unfortunately, the resilient contacts of Bhatt et al. 
have proven to be someWhat fragile in that they can be easily 
destroyed if they brush up against a hard surface. Further 
more, they are very expensive to produce and are very 
dif?cult to install in the electrical connector, thereby increas 
ing production costs. 

[0008] On the other hand, US. Pat. No. 6,341,962 to 
Sinclair discloses a solderless grid array connector that 
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utiliZes helical Wound spring contacts to make solderless 
connections betWeen an electrical connector and a printed 
circuit board. While such spring contacts are an improve 
ment over the resilient contacts of Bhatt et al., they are very 
dif?cult to manufacture, particularly in the case of spring 
contacts having very small dimensions. 

[0009] Furthermore, as noted above, electrical contacts are 
needed for use in an electrical connector to Work With high 
frequency pulse or analog systems, that is, for use in a 
frequency range of from less than 1 GHZ to at least 20 GHZ 
. The electronic properties are critical. That is, the imped 
ance of the electrical connector requires that the capacitive 
reactance be controlled, the inductive reactance be con 
trolled and the resistance value be controlled. The overall 
performance depends on a speci?c impedance Zo, (i.e., such 
as 50 ohms, 75 ohms, etc.) needed to maintain a minimum 
insertion loss and minimum re?ections of the charges 
launched in electronic circuits, over the bandWith in use. The 
dimensions of the connectors are critical to ensuring a 
minimum of electronic disturbance and to minimiZe any 
crosstalk betWeen adjacent channels. These electrical con 
nectors may be used for coaXial/tWinaXial and transmission 
line systems on motherboard to daughterboard With high 
speed processors. The simple spring arrangement of Sinclair 
does not Work at these high frequencies. 

SUMMARY OF THE INVENTION 

[0010] In vieW of the above, it is an object of the present 
invention to provide a one-piece semi-rigid electrical contact 
With an integral compression spring for use in solderless 
high-speed electrical connectors. 

[0011] These and other objects of the present invention 
may be achieved by providing an electrical contact com 
prising: a holloW tube having ?rst and second end portions 
and a center portion; and a spring portion formed in a Wall 
of said holloW tube. 

[0012] The spring portion may be a helical spring portion 
and may be located in one of the ?rst and second end 
portions or the center portion. 

[0013] The helical spring portion may include turns 
Wound in a ?rst direction and turns Wound in a second 
direction opposite that of the ?rst direction. 

[0014] At least one of said ?rst and second end portions 
may have a diameter that is less than a diameter of said 
center portion and at least one of said ?rst and second end 
portions may have a hemispherical shape or a closed end. 

[0015] The holloW tube may be of a metal such as stainless 
steel or may be a holloW tube coated With an electrically 
conductive material such as copper, silver, or gold. 

[0016] The contact may have a shoulder having a diameter 
that is greater than the diameter of at least one of said ?rst 
and second end portions and said center portion of the tube. 

[0017] The shoulder may be disposed betWeen one of said 
?rst and second end portions and said center portion of the 
tube. 

[0018] The shoulder may be disposed in one of said ?rst 
and second end portions of the tube or in said center 
portion[]of the tube. 
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[0019] These and other objects of the present invention 
may also be achieved by providing a method of fabricating 
and electrical contact, the method comprising: forming a 
hollow tube having ?rst and second end portions and a 
center portion; and forming a spring portion in a Wall of the 
holloW tube. 

[0020] The spring portion may be formed in the center 
portion of the holloW tube or in one of the ?rst and second 
end portions of the holloW tube. 

[0021] The spring portion may be formed as a helical 
spring portion and the spring portion may be formed With 
one of a cutting process, an etching process, and a laser 
cutting process. 

[0022] The spring portion may have turns Wound in a ?rst 
direction and turns Wound in a second direction opposite that 
of the ?rst direction. 

[0023] At least one of the ?rst and second end portions 
may be formed With a diameter that is less than a diameter 
of the center portion. 

[0024] At least one of the ?rst and second end portions 
may be formed so as to have a hemispherical shape. 

[0025] At least one of the ?rst and second end portions 
may be formed so as to have a closed end. 

[0026] The holloW tube may be formed of a metal such as 
stainless steel. 

[0027] The holloW tube may be formed of a holloW tube 
coated With an electrically conductive material such as one 
of copper, silver, or gold. 

[0028] A shoulder may be formed having a diameter that 
is greater than the diameter of at least one of the ?rst and 
second end portions and the center portion of the tube. 

[0029] The shoulder may be formed betWeen one of the 
?rst and second end portions and the center portion of the 
tube or in one of the ?rst and second end portions of the tube 
or in the center portion of the tube. 

DESCRIPTION OF THE DRAWINGS 

[0030] The foregoing and a better understanding of the 
present invention Will become apparent from the folloWing 
detailed description of an eXample embodiment and the 
claims When read in connection With the accompanying 
draWings, all forming a part of the disclosure of this inven 
tion. While the foregoing and folloWing Written and illus 
trated disclosure focuses on disclosing an eXample embodi 
ment of the invention, it should be clearly understood that 
the same is by Way of illustration and eXample only and that 
the invention is not limited thereto. This spirit and scope of 
the present invention are limited only by the terms of the 
appended claims. 

[0031] FIG. 1 is a vieW of one eXample of an embodiment 
of an electrical contact in accordence With the present 
invention. 

[0032] FIG. 2 is a vieW of another eXample of an embodi 
ment of an electrical contact in accordance With the present 
invention. 

[0033] FIG. 3 is a vieW of yet another eXample of an 
embodiment of an electrical contact in accordance With the 
present invention. 
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[0034] FIG. 4 is a vieW of still another eXample of an 
embodiment of an electrical contact in accordance With the 
present invention. 

DETAILED DESCRIPTION 

[0035] Before beginning a detailed description of the 
subject invention, mention of the folloWing is in order. When 
appropriate, like reference numerals and characters may be 
used to designate identical, corresponding, or similar com 
ponents in differing draWing ?gures. Furthermore, in the 
detailed description to folloW, eXample siZes/models/value/ 
ranges may be given, although the present invention is not 
limited thereto. When speci?c details are set forth in order 
to describe eXample embodiment of the invention, it should 
be apparent to one skilled in the art that the invention can be 
practiced Without, or With variations of, these speci?c 
details. 

[0036] FIG. 1 is a vieW of one eXample of an embodiment 
of an electrical contact in accordance With the present 
invention. The illustrated electrical contact 100 has a tubular 
shape With open ends and a helical portion 120 located 
betWeen the ends. As an eXample of the dimensions of such 
a contact, the length of the contact 100 may be on the order 
of 0.2 inches and the diameter of the contact may be on the 
order of 0.025 inches and the Wall thickness of the contact 
may be on the order of 0.008 inches. Such dimensions alloW 
the electrical contact 100 to be used in very high frequency 
applications in multi-pin surface mount electrical connectors 
having very close pin spacings. 

[0037] There are several parameters that must be consid 
ered in designing such an electrical contact. That is, if the 
electrical contact is to be used in an electrical connector at 
a speci?ed frequency range and impedance, it is necessary 
to control the capacitive reactance, and inductive reactance, 
and resistance value of the electrical contact. In addition, the 
contact spacing of the connector determines the maXimum 
diameter of the electrical contact and the con?guration of the 
electrical connector determines the length of the electrical 
contact. Furthermore, the mechanical spring force caused by 
the helical spring portion of the electrical contact must be 
speci?ed in accordance With the requirements of the elec 
trical connector. 

[0038] To control the above-noted parameters, the length, 
diameter, Wall thickness, length and pitch and slot Width of 
the helical portion of the electrical contact, and material or 
materials used in the electrical contact can be adjusted. For 
eXample, the electrical contact 100 can be fabricated of 
stainless steel Which may be electroplated inside and out 
With nickel, copper, gold, or silver to keep its electrical 
resistance value relatively loW. Other metals may also be 
used for both the electrical contact and its plating material. 
The length and diameter of the electrical contact 100 Would 
normally be determined by the connector con?guration (that 
is, pin spacing and interposer thickness). The mechanical 
spring force and electrical reactances Would determine the 
Wall thickness, length and pitch and slot Width of the helical 
portion of the electrical contact. The calculation of the 
various dimensions of the electrical contact 100 are Well 
knoWn to those skilled in the art and have been omitted for 
the sake of brevity. 

[0039] The electrical contact 100 of FIG. 1 may be 
fabricated by ?rst forming a tube of the desired material and 
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diameter and Wall thickness and by then cutting the tube to 
the proper length. If electroplating or other plating or coating 
techniques are needed to plate the tube With a second 
material, either inside or outside the tube or both inside and 
outside the tube, such plating can be performed before or 
after cutting the tube to its proper length or subsequent to 
further fabrication steps. 

[0040] The heliX portion of the electrical contact 100 
Would then be formed in the tube by any suitable means, 
such as laser cutting, or any other ?ne cutting or etching or 
similar process. The resultant electrical contact 100 Would 
then be inserted into an aperture of an interposer of an 
electrical connector, such as the electrical connector dis 
closed in the co-pending US. patent application Ser. No. 

, entitled Interconnection System, ?led concurrently 
With the present application and having a common Assignee. 

[0041] One problem With the electrical contact 100 of 
FIG. 1 is the fact that its diameter is constant, such that there 
is nothing to prevent the electrical contact 100 from falling 
out of its aperture in the interposer of the electrical connector 
prior to its assembly. In some cases, an epoXy dot may be 
disposed on an outside Wall of the electrical contact 100 to 
retain the electrical contact 100 in its aperture. Alternatively, 
the con?guration of the electrical contact 100 can be modi 
?ed so as to be as shoWn in FIG. 2. 

[0042] The electrical contact 200 of FIG. 2 differs from 
the electrical contact 100 of FIG. 1 in several respects. 
Namely, the helical spring portion 220 of the electrical 
contact 200 is located on one end 250 thereof rather than 
being located in a central portion thereof. Furthermore, a 
reduced portion 230 of the electrical contact 200 has a 
reduced diameter in comparison to the helical spring portion 
220, With a shoulder 235 being disposed therebetWeen. Still 
furthermore, the end portion 240 of the reduced portion 230 
has been formed into a hemispherical shape. This facilitates 
better electrical contact With its mating contact point in 
certain cases. While the end portion 240 is open, it could 
also be formed so as to have a closed end. In addition, the 
end portion 240 could be formed so as to have a conical 
shape or so as to have a ?at end. Still furthermore, the end 
portion 240 can be formed so as to have one or more points 
or serrations so as to facilitate better electrical contact With 
its mating contact point. It is to be noted that such an end 
portion 240 may be used With surface mount electrical 
connectors. 

[0043] By forming the electrical contact 200 of FIG. 2 
With the reduced portion 230, the electrical contact 200 can 
be prevented from falling through its respective aperture in 
its respective interposer by merely ensuring that the respec 
tive aperture has a diameter Which is greater than that of the 
reduced portion 230 but less than that of the helical spring 
portion 220. 
[0044] Alternatively, the con?guration of the electrical 
contact 100 of FIG. 1 can also be modi?ed so as to be as 
shoWn in FIG. 3. Namely, the connector 300 of FIG. 3 
differs from that of the connector 100 of FIG. 1 in that a 
shoulder 330 has been added. The shoulder 330 has been 
provided to prevent the electrical contact 300 from falling 
through its respective aperture in its respective interposer 
provided that the respective aperture has a diameter Which is 
greater than that of the helical spring portion 320 of the 
electrical contact 300 but less than that of the shoulder 330 
of the electrical contact 300. 
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[0045] FIG. 4 is a vieW of still another eXample of an 
embodiment of an electrical contact in accordance With the 
present invention. In FIG. 4, the electrical contact 400 is 
similar to the electrical contact 100 of FIG. 1 With the 
exception of the helical portion 410 of the contact 400 being 
divided into tWo portions, namely, a ?rst portion of 420 
having turns Wound in a ?rst direction and a second portion 
430 having turns Wound in a second opposite direction. The 
use of such a helical portion 410 having turns in opposite 
directions results in a reduced inductive reactance for the 
electrical contact 400. 

[0046] This concludes the description of the eXample 
embodiment. Although the present invention has been 
described With reference to a number of illustrative embodi 
ments thereof, it should be understood that numerous other 
modi?cations and embodiments can be devised by those 
skilled in the art that Will fall Within the spirit and scope of 
the principles of this invention. More particularly, reason 
able variations and modi?cations are possible in the com 
ponent parts and/or arrangements of the subject combination 
arrangements Within the scope of the foregoing disclosure, 
the draWings, and the appended claims Without departing 
from the spirit of the invention. In additions to variations and 
modi?cations in the component parts and/or arrangements, 
alternative uses Will also be apparent to those skilled in the 
art. 

[0047] For eXample, While the illustrative eXamples dis 
cussed above include electrical contacts having a circular 
cross-section, the present invention is not limited to electri 
cal contacts having circular cross-sections but rather 
includes electrical contacts having other cross-sections, such 
as oval cross-sections, for eXample. Furthermore, While the 
electrical contacts discussed above are indicated as being 
formed of metal, the present invention is not limited thereto 
in that there are presently available processes to coat an 
object formed of a non-conducting material, such as a 
plastic, so as to make it electrically conductive. Still fur 
thermore, in a multi-pin connector utiliZing the electrical 
contacts of the present invention, the Winding direction of 
the helical spring portions of adjacent electrical contacts can 
be opposite each other so as to reduce any mutual inductance 
therebetWeen. Lastly, the electrical contacts of the present 
invention are not limited to the speci?c shapes illustrated in 
the draWing ?gures. That is, While a helical spring portion 
has been illustrated for all of the electrical contacts in the 
draWing ?gures, the present invention is not limited thereto 
in that shapes other than helical (such as serpentine) may be 
utiliZed in forming the spring portion of the electrical 
contacts. 

What is claimed is: 
1. An electrical contact comprising: 

a holloW tube having ?rst and second end portions and a 
center portion; and 

a spring portion formed in a Wall of said holloW tube. 
2. The contact of claim 1, Wherein said spring portion is 

located in said center portion of said holloW tube. 
3. The contact of claim 1, Wherein said spring portion is 

located in one of said ?rst and second end portions of said 
holloW tube. 

4. The contact of claim 1, Wherein said spring portion 
comprises a helical spring portion. 
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5. The contact of claim 2, wherein said spring portion 
comprises a helical spring portion. 

6. The contact of claim 3, Wherein said spring portion 
comprises a helical spring portion. 

7. The contact of claim 1, Wherein at least one of said ?rst 
and second end portions has a diameter that is less than a 
diameter of said center portion. 

8. The contact of claim 1, Wherein at least one of said ?rst 
and second end portions has a hemispherical shape. 

9. The contact of claim 1, Wherein at least one of said ?rst 
and second end portions has a closed end. 

10. The contact of claim 1, Wherein said holloW tube 
comprises a metal. 

11. The contact of claim 10, Wherein said metal cornprises 
stainless steel. 

12. The contact of claim 1, Wherein said holloW tube 
comprises a holloW tube coated With an electrically conduc 
tive material. 

13. The contact of claim 1, Wherein said holloW tube 
comprises a holloW tube coated With one of copper, silver, 
or gold. 

14. The contact of claim 1, further comprising a shoulder 
having a diameter Which is greater than the diameter of at 
least one of said ?rst and second end portions and said center 
portion of the tube. 

15. The contact of claim 14, Wherein said shoulder is 
disposed betWeen one of said ?rst and second end portions 
and said center portion of the tube. 

16. The contact of claim 14, Wherein said shoulder is 
disposed in one of said ?rst and second end portions of the 
tube. 

17. The contact of claim 14, Wherein said shoulder is 
disposed in said center portion of the tube. 

18. The contact of claim 1, Wherein said spring portion 
comprises a helical spring portion including turns Wound in 
a ?rst direction and turns Wound in a second direction 
opposite that of said ?rst direction. 

19. The contact of claim 2, Wherein said spring portion 
comprises a helical spring portion including turns Wound in 
a ?rst direction and turns Wound in a second direction 
opposite that of said ?rst direction. 

20. The contact of claim 3, Wherein said spring portion 
comprises a helical spring portion including turns Wound in 
a ?rst direction and turns Wound in a second direction 
opposite that of said ?rst direction. 

21. A method of fabricating and electrical contact, the 
method comprising: 

forming a holloW tube having ?rst and second end por 
tions and a center portion; and 

forming a spring portion in a Wall of the holloW tube. 
22. The method of claim 21, further comprising forming 

the spring portion in the center portion of the holloW tube. 
23. The method of claim 21, further comprising forming 

the spring portion in one of the ?rst and second end portions 
of the holloW tube. 

24. The method of claim 21, wherein forming the spring 
portion comprises forming a helical spring portion. 

25. The method of claim 22, wherein forming the spring 
portion comprises forming a helical spring portion. 

26. The method of claim 23, wherein forming the spring 
portion comprises forming a helical spring portion. 

27. The method of claim 21, wherein forming the spring 
portion comprises forming With one of a cutting process, an 
etching process, and a laser cutting process. 
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28. The method of claim 22, wherein forming the spring 
portion comprises forming With one of a cutting process, an 
etching process, and a laser cutting process. 

29. The method of claim 23, wherein forming the spring 
portion comprises forming With one of a cutting process, an 
etching process, and a laser cutting process. 

30. The method of claim 24, wherein forming the spring 
portion comprises forming With one of a cutting process, an 
etching process, and a laser cutting process. 

31. The method of claim 25, wherein forming the spring 
portion comprises forming With one of a cutting process, an 
etching process, and a laser cutting process. 

32. The method of claim 26, wherein forming the spring 
portion comprises forming With one of a cutting process, an 
etching process, and a laser cutting process. 

33. The method of claim 21, wherein forming the at least 
one of the ?rst and second end portions comprises forming 
at least one of the ?rst and second end portions With a 
diameter that is less than a diameter of the center portion. 

34. The method of claim 21, wherein forming the at least 
one of the ?rst and second end portions comprises forming 
at least one of the ?rst and second end portions so as to have 
a hemispherical shape. 

35. The method of claim 21, further comprising forming 
at least one of the ?rst and second end portions so as to have 
a closed end. 

36. The method of claim 21, wherein forming the holloW 
tube comprises forming the holloW tube of a metal. 

37. The method of claim 36, wherein forming the holloW 
tube of a metal comprises forming the holloW tube of 
stainless steel. 

38. The method of claim 21, wherein forming the holloW 
tube comprises forming a holloW tube coated With an 
electrically conductive material. 

39. The method of claim 21, wherein forming the holloW 
tube comprises forming a holloW tube coated With one of 
copper, silver, or gold. 

40. The method of claim 21, further comprising forming 
a shoulder having a diameter Which is greater than the 
diameter of at least one of the ?rst and second end portions 
and the center portion of the tube. 

41. The method of claim 40, wherein forming the shoulder 
comprises forming the shoulder betWeen one of the ?rst and 
second end portions and the center portion of the tube. 

42. The method of claim 40, wherein forming the shoulder 
comprises forming the shoulder in one of the ?rst and second 
end portions of the tube. 

43. The method of claim 40, wherein forming the shoulder 
comprises forming the shoulder in the center portion of the 
tube. 

44. The method of claim 21, wherein forming the spring 
portion comprises forming a helical spring portion having 
turns Wound in a ?rst direction and turns Wound in a second 
direction opposite that of the ?rst direction. 

45. The method of claim 22, wherein forming the spring 
portion comprises forming a helical spring portion having 
turns Wound in a ?rst direction and turns Wound in a second 
direction opposite that of the ?rst direction. 

46. The method of claim 22, wherein forming the spring 
portion comprises forming a helical spring portion having 
turns Wound in a ?rst direction and turns Wound in a second 
direction opposite that of the ?rst direction. 

* * * * * 


